Introduction
The earliest application of interferometry tc) radar was by Rogers and Ingalls (ref 1) , to remove an ambiguity in radar echoes from the planet Venus.
For such distant reflectors there are, in general, two places on the surface that have the same range and the same range rate, the so-called r]orth/south ambiguity.
In that work, surface topography was assumed to be zero.
The earliest application of interfe~ometry to topography was by Zisk (ref. 2) , who, for the case of the Moon, had enough antenna directivity tc] avoid the ambiguity. Later, Graham (ref. 3) applied interferometry to an aircraft radar to obtain contours of interference, related to topography.
1 All of the above work employed two antennas, simultaneously, to form the interferograms. It is possjble, however, to use one antenna at two different times to serve the same purpose. The first demonstration of two-pass interferometry was by Li and Goldstein (ref. 4) , who studied topography construction via the multiple baselines afforded by the Seasat radar satellite.
For successful two-pass interferometry, two conditions must be met. The satellite (or aircraft) must return closely enough to its original position so that coherence is c)btained (usually closer than 500 m) , and the surface must not have been unduly disturbed during the time between observations. If the surface is perturbed too much, coherence will be lost; i.f moved only slightly, the topography can still be in error.
There is much current activity in obtaining topography by two-pass interferometry, employing data from the European satellite ERS-1, the US satellite SIR-C, ancl the soon to be launched Canadian sa.tell.ite RADARSAT. We study here the effects of Earth's ionosphere and/or troposphere on topographic accuracy, as revealed by adding a third pass to the data set.
Given a third c)bservation, two interferograms can be formed.
It is the small incc)nsistencies between the two interferograms that are of interest here. Gabriel and Goldstein (ref. 5 The Shuttle navigation turned out to be superb, resulting in some baselines within a few dozens of meters. To form an interferogram, two images are co-registered and an image of the phase difference between corresponding pixels is created. Figure two is such an interferogram for t-he 24 cm images, with an inset of the shorter wavelength, of october 7 and 9.
As can be seen from the figure, the correlation js excellent; the surface changed little in the two intervening days.
Layover is much more prominent in the fringes c)f the 5.7 cm inset of figure 2. On some of the mountain peaks, fringes from greater heights actually cross over lower ones.
If the baseline is accurately known, the phases of figure 2 can be used to determine the topography. We have used 7 tiepoints from a published map of the area to solve, in the least squares sense, for the baseline. A similar fit made to the 24 cm data produces a result that is all but indistinguishable from figure 5. Since there is no frequency dispersion in the observed effect, we conclude that the
ionosphere cannot be responsible. It must be the troposphere . 
where C is the constant and S is the slope c)f the fit. The quadratic term is very small and has no effect on the analysis to follow.
The tropospheric induced residuals would then be:
where the brackets <.> indicate average, anc~ the separate days are assumed independent.
If the effects of each day are of the same magnitude, which we discuss below, then: 
Global Positioning Satellite Data
We are fortunate to have available GPS tracking data (ref. The data were sampled every 5 min and are largely uncorrelated. These values are larger than the SIR-C results, above, which can be expected since the GPS28 altitude is much higher. GPS28 orbits at an altitude of about 20,000 km; SIR-C was at about 210. The preponderance of the Earth's ionosphere was above SIR-C, but below GPS28.
Water Vapor
We are The larger varj.ation on the fjrst day appears to be caused by a steady change in the water vapor content over several hours, an effect that would be unnoticed by the radar.
Conclusions
Tropospheric turbulence, appears to limit the accuracy coupled with water vapor content, of motion detection and topographic estimation by two-pass radar interferometry.
For our test site in the Mojave desert, the tropospheric time delay errors were .24 cm. The RMS error caused by receiver and baseline noise was much less, . 046 cm at 5.7 cm wavelength.
For more humid locations, the trc)pospheric error can be expected to be greater.
We note that this limit does not apply if interferometry is performed with two antennas, simultaneously. one fringe represents 2.8 cm of anomalous time delay, spread over the three days.
6)
Power spectrum of the data presented in figure 5 . The added line follows the -8/3 slope to be expected from radar through a turbulent atmosphere cotltaining water vapor.
